Study objective: To investigate the association of residence in mountainous or lowland areas with total and coronary mortality, in a cohort with 15 years of follow up. Design and setting: Prospective study, based on the adult population of two lowland and one mountainous village in rural Greece. Baseline measurements on sociodemographic, lifestyle, somatometric, clinical, and biochemical variables were recorded in 1981 during a health survey and total and coronary deaths were ascertained on the basis of death certificates up to 1996. Participants: 1198 men and women, who had participated in the 1981 survey. Analyses are based on 504 men and 646 women with complete data. Main results: There were 150 deaths among men and 140 among women (coronary deaths: 34 and 33 respectively). In multivariate analysis with Cox regression, after adjustment for age, education, body weight, smoking, alcohol consumption, systolic blood pressure, serum total cholesterol, blood glucose, serum triglycerides, and serum uric acid, total and coronary mortality were lower for residents of the mountainous village in comparison with residents of the lowland villages (hazard ratios (95% confidence intervals) for men and women, respectively: total mortality, 0.57 (0.38 to 0.84) and 0.69 (0.47 to 1.02); coronary mortality, 0.39 (0.16 to 0.98) and 0.46 (0.20 to 1.05)). Conclusions: Residence in mountainous areas seems to have a ''protective effect'' from total and coronary mortality. Increased physical activity from walking on rugged terrains under conditions of moderate hypoxia among the mountain residents could explain these findings.
P
opulations residing in mountainous areas have been reported to have lower mortality rates, especially for coronary heart disease, as compared with lowland populations. 1 2 A suggested underlying mechanism was the cardiovascular protection of high altitude dwellers deriving from strenuous daily physical activities. [1] [2] [3] [4] More favourable levels of cardiovascular risk factor levels in high altitude dwellers have also been reported, especially with respect to hypertension, [5] [6] [7] blood lipids, 8 9 and diabetes mellitus. 10 Hypoxia, dietary habits, and physical activity levels, have been considered to account for the favourable risk profiles observed in these high altitude populations.
In Greece mortality rates for all causes and for coronary heart disease are among the lowest when compared with other developed countries. 11 Urban-rural differences in mortality patterns have also been recorded, 12 with areas of rural and generally mountainous Greece exhibiting consistently lower rates for total and coronary mortality, in comparison with urban areas.
In 1981 one of the authors coordinated an extensive general health survey in three villages located about 200 km from Athens. One of these villages (Arahova, A) is in a mountainous area of the Sterea Hellas region, at 950 metres altitude, whereas the two others (Zevgolatio, B1 and Aidonia, B2) are in plains in the Peloponnesus region. In the context of a doctoral thesis, a series of visits were undertaken in 1996 to ascertain survival status of those who had participated in the survey. These data allowed us to evaluate the hypothesis that residents of mountainous areas may have lower rates of coronary and total mortality in comparison with residents of lowland villages, with more detailed control of potential confounders that has been accomplished in earlier investigations.
METHODS
The study population consisted of 1198 inhabitants (587 in village A, 478 in B1, and 133 in B2), representing 32% of the total adult population of the three villages. The visits to the villages were arranged in collaboration with the local general practitioners and the town leaders who viewed the occasion as a welcome opportunity. In 1981 no informed consent was considered mandatory but all participants were volunteers who enthusiastically took up the opportunity to be examined by specialists, at a time when health services in rural Greece were rudimentary. In all three villages, the principal occupations were farming and animal breeding whereas women were mainly responsible for household activities. Data collected included information on age, gender, years of schooling, smoking habits, alcohol consumption, body weight, and systolic and diastolic blood pressure. Blood samples were also taken for measurements of packed cell volume, total serum cholesterol (Lieberman method), 13 blood glucose (glucose-oxidase method), 14 serum triglycerides (enzymatic method), 15 and serum uric acid (colorimetric method). 16 By June 1996, 308 study participants had died and for all the deceased the date of death was recorded and death certificates were retrieved from the local municipal registries. The retrieval of vital status and cause of deaths was approved by the University of Athens, Medical School Ethical Committee. Only nine persons were lost to follow up and these were not included among the 1198 study participants. From the information in the death certificates, cause of death was ascertained by a board certified internist. For this analysis, the deceased were classified as having died from coronary heart disease (ICD-9 codes 410-414 and all cases of sudden cardiac death: code 427.5) or non-coronary death.
From the 1198 study participants, complete data on all the variables of interest were available for 1150 subjects and all analyses were carried out on that sample. The distributions of all baseline variables between residents of the mountainous village and residents of the sea level villages were compared with t test for continuous and x 2 for categorical variables. After initial cross classification and comparisons of total and coronary deaths between mountainous and lowland villages with x 2 , among men and women, the data were modelled through Cox regression. Separate models were fitted for men and women as well as for total and coronary mortality. When coronary mortality was the outcome of interest, people who had died from other causes were censored at the time of their death. Predictor variables were age (continuous, in 10 year increment), village (mountainous compared with lowland that is A compared with B1+B2), education (for men, those with six or more years compared with others; for women, any schooling compared with none), body weight (continuous, in 1 kg increment), tobacco smoking (ever compared with never), alcohol drinking . ÀLower educational level representing up to six years of schooling for men and illiteracy for women.
(none, up to two glasses per day, more than two glasses per day, categorically), systolic blood pressure (continuous, in 10 mm Hg increment), blood glucose (continuous, in 10 mg/ 100 ml increment), total serum cholesterol (continuous, in 10 mg/100 ml increment), serum uric acid (continuous, in 1 mg/100 ml increment), and serum triglycerides (continuous, in 10 mg/100 ml increment). All analyses were performed with SPSS. Table 1 gives the demographic, lifestyle, clinical, and biochemical characteristics of the 1150 study participants by gender and by altitude of residence. In comparison with men in the lowland villages, men in the mountainous village were heavier drinkers and had higher values of systolic blood pressure, total serum cholesterol, serum uric acid, serum triglycerides, and packed cell volume (in all instances p,0.05). In comparison with women in the lowland villages, women in the mountainous village were somewhat older and more educated, consumed less alcohol, and had lower blood glucose levels, but similarly to men they had higher systolic blood pressure, total serum cholesterol, serum triglycerides, and packed cell volume (in all instances p,0.05). Overall, residents of the mountainous village had a somewhat worse coronary risk profile in comparison with residents of lowland villages. The median follow up was 168.59 months or 14.0 years (minimum: 0.7 months, corresponding to an early death of a study participant, maximum: 190.5 months), with 290 (25%) of the participants having died by June 1996. There were 150 deaths among men (30%) and 140 deaths among women (22%), with coronary heart disease accounting for 23% (34 deaths) and 24% (33 deaths) of all deaths among men and women respectively. In crude analysis, total and coronary cumulative mortality, without accounting for time of death, were somewhat lower among the mountainous village residents than among the lowland residents, especially among men, but none of these differences were statistically significant (table 2) .
RESULTS
In Cox analyses with adjustment for age but without controlling for any of the potential confounders, hazard ratios were generally lower among both men and women in the mountainous rather than in the lowland villages, with respect to both total and coronary mortality, notwithstanding the better coronary profile of the lowland villages. The hazard ratios and 95% confidence intervals comparing mountainous with lowland villagers were for total mortality: 0.67 (0.48 to 0.93) and 0.64 (0.46 to 0.90) for men and women respectively. The corresponding values for coronary mortality were 0.48 (0.23 to 0.99) and 0.51 (0.25 to 1.01). Table 3 gives the results from the multivariate analysis of death from all causes. Statistically significant positive associations with total mortality were observed for age, smoking, systolic blood pressure, blood glucose, and total serum cholesterol among men and for age, educational level, and blood glucose among women. Living in the mountainous village (A) as compared with residence in the lowland ones (B1 and B2) exhibited an apparent ''protective'' effect that was more evident among men than among women. Among men total mortality was somewhat lower among moderate alcohol consumers than among non-drinkers although the results were statistically not significant. Serum uric acid, body weight, and serum triglycerides were unrelated to total mortality in both sexes. Table 4 presents the mutually adjusted hazard ratios for death from coronary heart disease. Age, tobacco smoking, blood glucose and, in a borderline way, systolic blood pressure, and uric acid were positively associated with coronary mortality among men, while among women positive associations were evident with respect to age, education, blood glucose, and uric acid. Residents of the mountainous village in comparison with residents of the lowland villages had lower mortality from coronary heart disease by 61% (p = 0.044) and by 54% (p = 0.064) among men and women respectively.
DISCUSSION
There are few studies concerning a possible association between altitude of residence and mortality overall or from coronary heart disease and those that have been undertaken have not fully adjusted for cardiovascular risk factors and were conducted in heterogeneous populations consisting of different ethnic subgroups. [1] [2] [3] [4] We investigated the association of residence in mountainous or lowland areas with total and coronary mortality, among subjects from three Greek villages, taking into account classic cardiovascular risk factors as potential confounders. The study was based on a moderately large sample of rural Greek men and women with common ethnic, demographic, and occupational characteristics. The prospective design, the very low proportion of participants who were lost to follow up, and the reliance on deaths rather than incident events, provide safeguards against major selection and information bias. Our study has also certain limitations. Participants were self selected volunteers although this is unavoidable in an epidemiological study and generally does not represent an important drawback in cohort designs. We had no good information of prevalent morbidity at baseline even though the whole campaign, on which this study has relied, was focusing on apparently healthy people. We had no information on diet and the study was not large enough to permit investigation of possible interactions of altitude with gender or other factors with respect to total and coronary mortality. The findings with respect to education were unexpected in that persons, and especially women, with higher education had higher mortality, but education in villages of rural Greece has different connotations than those generally attributed to higher education in contemporary societies. For example, women of lower education may be physically more active and adhere more closely to the traditional and presumably healthy dietary pattern.
The important finding of this study is that residents of the mountainous village as compared with residents of the lowland villages had lower mortality from all causes and even lower mortality from coronary heart disease. The contrast was more evident among men than among women. The expected directions in the associations of most classic risk factors with total and coronary mortality provide indirect support to the validity of the altitude findings.
Residence at high altitudes produces physiological changes for adaptation to long term hypoxemic conditions. 17 Adaptive phenomena involve respiratory, 18 cardiovascular, 18 and haematological parameters, 19 which have been shown to vary between people residing in variable altitudes. Many of these studies relied on people living in extreme altitudes and facing also malnutrition problems and endemic diseases. 20 21 In our study the mountainous village was located at a moderate altitude of 950 m above sea level but packed cell volume values were higher for the mountain dwellers compared with the lowland inhabitants, showing a degree of adaptation to altitude. Thus, our results may be more generalisable to the prevailing conditions in most countries.
Factors associated with total and coronary mortality that could not be accounted for in this study, were high density lipoprotein cholesterol (HDL) serum concentrations, 22 dietary habits, 11 and body fat distribution. 23 Although HDL concentrations have been reported to be affected by altitude, 8 9 and altitude can also affect the flora and the fauna of any Table 4 Cox regression derived hazard ratios for deaths from coronary heart disease (and 95% confidence intervals), by the indicated predictor variables (three villages in Greece, 1981 Greece, to 1996 N This study shows that residents of mountainous areas have lower total and coronary mortality in comparison with residents of lowland areas, after adjustment for cardiovascular risk factors as potential confounders. The apparent protective effect of high altitude is not mediated by traditional risk factors like hypertension or blood lipid concentrations, as values of these factors were generally higher in high rather than low altitude residents. The evidence points to higher physical activity of residents of mountainous areas as an important beneficial factor. particular habitat, we consider HDL and diet as mostly intermediate variables the effects of which may not have had to be adjusted for even if relevant data were available. In reality however, the enrolment data were collected at a time when the importance of HDL and body fat distribution had not been reported and diet ascertainment techniques at the individual level for epidemiological purposes were still rudimentary. There exists extensive literature on the cardioprotective effect of daily physical activity, 24 which has been found to reduce total and coronary mortality in epidemiological studies. 25 26 Experimental studies have shown that the physiological strain and the energy cost of walking are greater on uphill slopes than on level grounds. 27 In addition, acclimatisation to the hypoxic conditions of moderate and high altitudes has been found to improve endurance in athletes, 28 and hypoxic exercise may convey greater health benefit than physical activity at sea level. 29 Therefore it can be argued, that the common daily activities of the study participants (farming and animal breeding), may represent higher levels of daily physical workload for the residents of the mountainous village than for the lowland residents. This hypothesis could explain the lower total and coronary mortality rates found among the mountain dwellers, as well as the gender differences in the magnitude of the observed effect, as the engagement of women in household activities may imply less aerobic physical activity compared with men.
In conclusion, in a prospective rural population study we have found lower total and coronary mortality for mountain dwellers as compared with lowland inhabitants, after detailed adjustment for classic risk factors. Increased physical activity under conditions of moderate hypoxia among the mountain residents could explain these findings.
